Cigarette smoking is a serious public health problem. According to data from the World Health Organization, it is estimated that currently more than 1.2 billion people worldwide do tobacco use and that smoking-related diseases are responsible for about 6 million deaths each. With attention to this, it is necessary to seek preventive and prognostic of trying to reduce these numbers and alert the public in general about the danger and the harm caused by its use. Thus, the objective of the research work undertaken was to evaluate and compare the chemical composition of collected saliva samples of smokers and nonsmokers by X-ray Fluorescence analyses. 32 individuals were selected, 16 of which used cigarette on a daily basis and the other 16 had never smoked. Saliva was collected with the help of a (sterile) disposable Pasteur pipette and samples sent to the Applied Nuclear Physics Laboratory at UNISO (LAFINAU), where analyzes were carried out. Individuals who agreed to participate in the study answered a questionnaire to define their profile of inclusion and signed an informed consent form (CEP Protocol no. 831.753 of 09/10/2014). The results clearly showed that there are differences in the concentrations of chemical elements in the saliva of smokers and non-smokers. The biggest discrepancies were found at concentrations of the chemical elements Sulfur, Phosphorus, Chlorine and Potassium, and smaller differences in the concentration of the elements Calcium, Manganese, Iron, Copper, Titanium, Vanadium and Nickel. In only one saliva sample, and in quite low amounts, arsenic was detected. The results indicate that smoking produces more significant changes in the saliva of women than in men, increasing the concentration of some elements in the saliva of female smokers, much more than in the male smokers. The cigarette usage time also appears to exert a greater influence on the composition of the saliva of women than in men, indicating that the damage caused by cigarette use may in fact be higher in women than in men.
Introduction
In the cigarette there are numerous potentially toxic chemical substances. It is believed that more than a thousand components of carcinogens and toxic gases and metals (Gunnerbeck et al., 2014) are present in tobacco. When swallowed, tobacco smoke is inhaled into the lungs, which have a large blood flow, allowing such deleterious substances to pass the alveolar barrier and, after approximately 10 s, they are distributed by the circulatory system and reach the brain. This speed in only to be compared with an intravenous application of medication (Rang et al., 2007) . The main component of tobacco that causes addiction is nicotine, found in all tobacco derivatives, which is a psychoactive substance that acts in the accumbens nucleus in the central nervous system, a region that, when stimulated, defers sense of pleasure, which explains the satisfaction that tobacco smoke imparts to the smoker. With the continuous and prolonged consumption of nicotine, the brain adapts and begins to need increasing doses to maintain the same level of satisfaction that the smoker had at the beginning. This effect is called tolerance to the drug. Over time, the smoker needs to consume more and more cigarettes (Rang et al., 2007) . This chronic exposure to various chemical compounds is responsible for the diseases associated with the smoking habit. According to World Health Organization (WHO) data, 30% of all cancer deaths are directly related to smoking, as well as 90% of lung cancer. In addition, acute myocardial infarction, stroke, hypertension, and especially their own airway disease, such as Chronic Obstructive Pulmonary Disease (COPD). More than 85% of COPD patients were diagnosed with, or are still, smoking (WHO, 2016; Rang et al., 2007) . The saliva is one of the more versatile and complex fluids present in the human body, playing an important role in chewing and in the lubrication of both mouth and pharynx, being responsible for the preservation of oral health. Approximately 99.5% of saliva is water, with the remaining components being organic and inorganic molecules, a composition that may vary either from one individual to another or even for the same individual throughout the day (Sánchez et al., 2008; Lima et al., 2008; Edgar, 1992; Abraham et al., 2010; Cleto, 2013) . The need to quantify chemical elements present in biological fluids has led to the development of analytical techniques aiming at a rapid and accurate analysis, such as X-Ray Fluorescence (XRF) analysis. The XRF and its variants (EDXRF and TXRF) have been used for elemental analysis, in various areas of knowledge (Melquiades et al., 2011; Marguí et al., 2009; Zamburlini et al., 2007; Kajiya et al., 2014; Zamboni et al., 2015; Castilhos et al., 2015) . In the research work entertained herein, the analytical technique known as Energy Dispersive X-Ray Fluorescence (EDXRF) (Nascimento, 1999; Parreira, 2006) was used to analyze the oral fluids. Abraham et al. (2010) , Sanchez et al. (2008) and Cleto (2013) analyzed saliva samples using a similar (although more accurate) technique to EDXRF, called Total Reflection X-Ray Fluorescence (TXRF), to identify the different components present in saliva. The concentration of oligoelements in saliva or gingival crevice fluid is affected by smoking, mainly through the action of proteins and/or changes in the pH of these fluids. Taking into account that oligoelements are bioavailable forms of trace minerals that are rapidly absorbed sublingually and that these oligoelements unlock the various metabolic processes which generate functional or infectious diseases, these bioavailable elements work by normalizing enzyme and hormonal functions in order to regulate homeostasis in the body. As cigarettes can produce changes in the concentration of these oligoelements, tobacco smoke can make the smoker more susceptible to diseases. Many other side effects of smoking can be observed as a result of the aggression suffered by the oral environment (Abraham et al., 2010) . In this research work the analytical technique EDXRF was used to analyze the oral fluids of 32 individuals, randomly chosen among smokers and nonsmokers of both genders. The elemental concentrations in such oral fluids were measured, and the differences between the mean values of the groups (smokers and nonsmokers of both genders) were duly evaluated.
Materials and methods
The X-ray Fluorescence Technique (XRF) consists in the emission of characteristic X-rays from a material that has been excited via bombardment with either high-energy X-rays or gamma rays. Because each element has a unique set of atomic energy levels, it emits a unique set of X-rays, which are characteristic of such element. Hence, the presence of characteristic X-rays directly indicates the presence of a given element. Moreover, the intensity of an X-ray line depends on the number of corresponding atoms which were excited, allowing the identification and quantification of the chemical elements present in a sample. The laboratory setup used in this research work is shown in Fig. 1 (LAFINAU), where all the analyses were carried out, in the period of up to 3 h of being collected, via the EDXRF setup displayed in Fig. 1 . Throughout the day, at least three saliva samples from each individual were collected, which were then pooled and considered as a representative sample for that individual, for subsequent analysis by X-ray fluorescence. All fluorescence measurements were made in triplicate (n=3). For all comparisons made in this study, an ANOVA statistical analysis was performed, adopting a significance level of 5% (p≤0.05) and the results were expressed as mean ± standard deviation. Individuals who agreed to participate in the study previously answered a questionnaire to define the profile of inclusion into the study and freely signed an informed consent. All analyses were carried out using atmospheric air, and the measuring time was set at 1800 s (live time) for each sample. The XRF system was calibrated through the use of standardized and control samples. The control samples were produced in LAFINAU, using chemical elements with different concentrations, dissolved in high-purity ultrapure water, obtained via purification in a Milli-Q® system (Molsheim, France). Samples were made with the same chemical elements which were intended to be measured in (real) saliva samples, in order to calibrate the detection system and obtain the minimum detectable limits (MDL) to the chemical elements of interest. The control samples were produced with at least 3 different concentrations, for each of the chemical elements P, S, Cl, K, Ca, Cr, Mn, Fe, Ni and Cu. Saliva samples were kept in a sample holder made of polypropylene, a polymer composed of carbon and hydrogen atoms ((C 3 H 6 ) n ) which, when excited, produce no characteristic X-rays of sufficient energy to be detected by the fluorescence system, hence not interfering with the results of the elemental analysis. It were used as exclusion criteria in this study, individuals who said they were former smokers; people with a chronic disease or some kind of disease in the oral region; those making daily use of medications or who were exposed routinely to toxic agents. In specific for non-smokers, it was considered an exclusion criterion, those who claimed to be indirectly exposed to cigarette smoke regularly (passive smoking).
Results and discussion
The EDXRF technique was chosen to be used in this research work due to several key advantages over other analytical methods used in analytical chemistry, such as: a) it is a non-destructive analytical procedure, causing no damage to the sample being tested; b) it requires no sample preparation; c) it is a very fast analytical technique (although sensitivity improves with measurement timeframes); and d) it can be carried out quickly by operators with only a minimal training. EDXRF can provide analytical results with an accuracy of a few parts per million (µg/g) and can be used to quantify chemical elements present in a formulation as long as they have an atomic number from element magnesium until fermium (Z=100). The results were analyzed both qualitatively and quantitatively. Fig. 2 shows the typical spectrum of the saliva of two individuals, one being a smoker and the other being a nonsmoker. The major chemical elements found are pinpointed in Fig. 2 . The measured spectra were analyzed with the XRS-FP™ software package provided by Amptek Inc., taking into account both escape peaks and sum peaks, and representing the background with a polynomial function.
For each reference control sample used in the calibration of the XRF system, calibration curves were constructed, as shown in Fig. 3 for the element calcium. From the linear fitting of the data, the minimum detectable limit for each element was obtained. The curve of minimum A.A. Poles et al. Applied Radiation and Isotopes 118 (2016) 221-227 detectable limits (MDL) is shown in Fig. 4 . This curve allows determination of the sensitivity of the system, in detecting the minimum amounts of the different elements present in saliva. For example, for the element Chromium (Z=24), sensitivity of the system is of the order of parts per billion (ng/g). Essentially, the same elements were detected in the XRF spectra of smokers and nonsmokers groups. The main elements detected and quantified were: S, P, Cl and K in larger quantities and Ca, Mn, Fe, Cu, Ti, V and Ni in minor amounts. In only one sample of non-smoking individual and female and in quite low amounts of (47 ± 37) µg/g, Arsenic was detected. Figs. 5 and 6 display bar-graphs with the concentrations (µg/g) obtained for the different elements detected, and associated standard deviation bars. The plots show different concentrations of the elements present in the saliva of smokers and nonsmokers, with a tendency for higher values of concentrations of different elements in the saliva of smokers. From the set of 32 individuals that composed the whole frame of the study, 16 were male and 16 were female. However, for each number of cigarettes smoked on a daily basis, the distribution was as follows: 3 individuals smoked 10 cigarettes/day, 2 individuals smoked 15 cigarettes/day, 1 individuals smoked 16 cigarettes/day, 7 individuals smoked 20 cigarettes/day, and 3 individuals smoked 30 cigarettes/day.
Figs. 5 and 6 show that the concentration of the elements P, S, Cl and K increase with smoking. For the elements that appear in lower concentrations, shown in Fig. 6 , namely, Ca, Cu, Fe, Mn, Ni, Ti and V, smoking seems to interfere less with the concentration of these elements, but on average there is a small increase in the concentration of elements in the saliva of smokers. When we separated the test subjects by sex and analyzed the concentration of different chemical elements present in the saliva of male and female smokers and nonsmokers, differences were found, as shown in Figs. 7 and 8 . Fig. 7 shows that on average the saliva of nonsmokers of both sexes (8 males and 8 females) have concentrations close to one another, with the exception of the S element, which appears in a higher concentration 
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Applied Radiation and Isotopes 118 (2016) [221] [222] [223] [224] [225] [226] [227] in the saliva of men. However, looking at Fig. 8 , to the higher concentration components (S, P, Cl and K), the increase in concentration is clear from these elements in the saliva of female smokers, indicating that smoking seemed to exert a higher influence in women's saliva composition than in men's. For both groups, the amount of cigarettes smoked per day was the same, viz. 20 ± 5 cigarettes/day. Table 1 shows the values found for the concentration of the different elements present in the saliva of smokers (n=16) and nonsmokers (n=16) of both sexes. The concentration of the different elements present in the saliva of both sexes, as a function of the length of cigarette use (ranging from 3 to 43 years of smoking) and the number of cigarettes smoked per day (25 ± 5 cigarettes/day), was also analyzed. When the concentration of the chemical elements (S, Cl, K and Ca) was analyzed in the saliva of smokers of both sexes, as a function of the time of cigarette use, an increasing trend in the concentration of these elements for females and a decrease for the males was observed, indicating that cigarette smoking seems to be more harmful to women than to men. When the concentration of the main elements present in the saliva of smokers of both sexes was analyzed, according to the number of cigarettes smoked over a day, the concentrations tended to decrease for males, as a function of the number of cigarettes smoked per day, much more that the average reduction found for women. As smoking for the general public (male and female), on average, increases the concentration of some chemical elements present in the saliva, the main factor associated with this increase seems to be the time of cigarette use and not the amount of cigarettes smoked per day. Furthermore, all results obtained indicate that smoking seems to be more harmful for females than for males. Figs. 9 and 10 show data obtained in this study compared to data gathered from the literature (Abraham et al., 2010) , for the elemental composition of the saliva of smoker and nonsmoker individuals of both genders.
Our data compared with the literature data has shown that, in general, smoker individuals always present higher concentrations for Fig. 2 . Typical XRF spectrum of saliva. The red and blue lines correspond to a smoker and nonsmoker individual, respectively. The ordinates axis represents the number of characteristic X-ray counts that reached the detector. The scale used on the abscissa axis is the energy of the characteristic X-rays. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Fig. 3 . Calibration curve for the element Calcium. The linear adjust is C=43.57+159.61Cont, with R=9987. The MDL for this element is 43.57 µg/g. The ordinates axis represents the concentration of calcium in (µg/g) and the abscissa axis is the number of characteristic X-rays (cps) that arriving at the detector. A.A. Poles et al. Applied Radiation and Isotopes 118 (2016) 221-227 the different chemical elements in their saliva when compared to nonsmoker individuals. For some chemicals elements, the concentration values obtained in this study were the same as those reported in the literature (Abraham et al., 2010) , namely for K, Ca, Fe, Cu and Ti for smokers, and Fe and Ti for nonsmokers, but there are discrepancies in the concentrations of other elements, both for smoking and nonsmoking individuals. Abraham et al. (2010) failed to measure chlorine element and vanadium, in contrast with the research effort entertained herein. According to Abraham et al. (2010) , the most significant differences in concentrations of S, K and Ca in the saliva of smokers and nonsmokers could be related to the development of periodontal disease in some patients belonging to the smoker group (Feldman et al., 1983; Haber et al., 1993; Bergström et al., 1994) . Finally, one interesting result that was identified in this study, not yet reported in the literature, were the differences found in the saliva of smoker individuals when separated by sex. The data reported herein clearly indicate that smoking seems to be more harmful to the health of women, who smoke, than for men.
Conclusions
The analysis of saliva by the EDXRF technique showed that there are differences in the composition of saliva of smoker (n=16) individuals (20 ± 5 cigarettes smoked per day for both groups) when compared with the control group (nonsmokers, n=16). Qualitative results of saliva analysis indicated the presence of the following Table 1 Mean concentration (n=3 for fluorescence analyses) and associated standard deviation for the chemical elements found in the saliva of smokers (n=16) and nonsmokers (n=16), divided by sex (8 males and 8 females). For both groups, the quantity of cigarettes smoked was 20 ± 5 cigarettes/day. A.A. Poles et al. Applied Radiation and Isotopes 118 (2016) 221-227 chemical elements: S, Ni, P, Cl, K, Ca, Cr, Mn, Fe, Cu, Ti and V. In a saliva sample from a nonsmoker female individual, it was detected the presence of the element Arsenic at a concentration of (47 ± 37) µg/g. The highest concentrations for the elements of the smokers were S, P, Cl and K, with values above 1000 µg/g. The other elements analyzed for smokers were below 100 µg/g. The data obtained show that the concentration of the elements found in the saliva tends to be higher for smokers compared to nonsmokers. Our data indicate that major changes occur in the saliva of female smokers (n=8) than in that of males (n=8). The major difference appears in the concentration of the elements S, P, Cl and K, with a significant increase in the concentration of these elements in the saliva of female individuals. When we analyze the concentration of chemical elements S, Cl, K and Ca in smokers, depending on the time of cigarette use (ranging from 3 to 43 years of smoking), we observe an increasing trend in the concentration of these elements for females and a decrease in the case of males. Analyzing the concentration of the elements S, K, Ni and Cl present in the saliva of male and female smokers, according to the number of cigarettes smoked per day, it was found that for males, the concentrations tend to decrease as a function of the number of cigarettes smoked, much more than the average decrease observed for women. By comparing the data obtained in this study with literature data (Abraham et al., 2010) , a close agreement was noticed with the data reported in the literature for the concentration of elements K, Ca, Fe, Cu and Ti for smokers and Fe and Ti for nonsmokers, but there are discrepancies in the concentrations of other elements, both for smokers and nonsmokers. Finally, this study provides a strong evidence, not yet reported in the literature, that smoking habits seems to be more harmful for females than for males. Fig. 9 . Bar-graphs with mean concentration (µg/g) of the different chemical elements found in saliva samples from smokers and nonsmokers individuals of both sexes, compared with literature data (Abraham et al., 2010) . Standard deviation bars are also included (triplicate measurements for fluorescence analyses for each one of 16 smoker and 16 nonsmoker individuals). Legend: Black=STW (smokers this work); Red=NST W (nonsmokers this work); Blue=SL (smokers literature, Abraham et al., 2010) and Green=NSL (nonsmokers literature, Abraham et al., 2010) . (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Fig. 10 . Bar-graphs with mean concentration (µg/g) of the different chemical elements found in saliva samples from smokers and nonsmokers individuals of both sexes, compared with literature data (Abraham et al., 2010) . Standard deviation bars are also included (triplicate measurements for fluorescence analyses for each one of 16 smoker and 16 nonsmoker individuals). Legend: Black=STW (smokers this work); Red=NSTW (nonsmokers this work); Blue=SL (smokers literature, Abraham et al., 2010) and Green=NSL (nonsmokers literature, ABRAHAM et al., 2010) . (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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